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ABSTRACT 
International Journal of Exercise Science 11(1): 1120-1135, 2018. Research over the past 15 years or so has 
shown that an external focus on the effects of one’s movements improves performance relative to an internal focus of attention 
on bodily actions. More recent research has attempted to discover how the focus of attention (FOA) influences underlying 
motor control processes by using kinematic and EMG measures. Research has shown that an external FOA reduces EMG 
activity and the co-contraction between agonist and antagonist muscle groups relative to an internal FOA. The primary goal of 
the current study was to determine how the FOA influences the acceleration pattern during dart throwing, providing a more 
complete kinematic description relative to earlier work. Twenty-four participants threw 24 darts in both an external focus 
condition, focusing on the flight of the dart, and an internal focus condition focusing on the elbow angle at dart release. Surface 
EMGs were recorded from the triceps and biceps muscles and acceleration was recorded in the X, Y, and Z axes. Accuracy 
was better with an external focus relative to an internal focus.  There was greater acceleration in the Y and Z axes in the second 
half of the movement in the external focus condition relative to the internal focus condition. An external focus generated less 
co-contraction between muscle groups compared to the internal focus condition. Overall, the results showed that an internal 
FOA reduces movement efficiency relative to an external FOA. 
 




Improving motor performance is a constant goal for athletes in team and individual sports and 
certain health care professions, like surgery. In order to optimize performance, physical training 
needs to be structured appropriately so motor control is achieved. However, recent evidence 
suggests that one’s attentional focus also has a significant effect on physical performance. 
Adopting an external focus of attention on a target rather than an internal focus on the body 
movements has been shown to improve accuracy and movement efficiency in a variety of tasks 
(7, 22, 30) and transfer to novel skills (27). For example, basketball free-throw shooting accuracy 
has benefited from an external focus of attention on the basket or ball trajectory rather than an 
internal focus of attention on wrist flexion or movement form (1, 39). Studies have also 
demonstrated an advantage of an external focus of attention relative to an internal focus of 
attention with hitting golf balls (2, 38), serving volleyballs (35), and throwing (4, 13, 16, 23). 
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There have been three main attempts at providing an explanation for the difference in effects of 
an external and internal focus of attention. These are the constrained-action hypothesis (36, 37), 
the self-evoking trigger hypothesis (33), and more recently the OPTIMAL theory of motor 
learning (34). According to the constrained-action hypothesis, an internal focus of attention 
prompts a more conscious form of motor control relative to an external focus of attention.  
 
These conscious processes interfere with the normally automatic control functions constraining 
the motor system (36, 37). In contrast, an external focus of attention engages more automatic 
control processes that are fast and require less attentional capacity (10, 29). The reduced 
attentional capacity with an external focus has been shown to improve balance (5, 11, 21, 36) 
particularly when one focuses further away from the body (18, 36). These studies concluded that 
increasing the distance of the effect from the action being done (external focus of attention) 
enhances performance, while a focus on close spatial proximity, or on the body itself (internal 
focus of attention), constrains the processes involved with the control of balance. With greater 
automaticity with an external focus of attention one would also expect less failure in skilled 
performance under pressure (19).  
 
The self-invoking trigger hypothesis proposes that referencing one’s body parts or movement is 
assumed to result in self-evaluative and self-regulatory processing by facilitating the access to 
the neural representation of the self. This hypothesis is consistent with the constrained action 
hypothesis and addresses a potential proximal cause of more automatic or conscious control of 
movements (33). So, any cues that cause an individual to reflect about themselves have the 
potential to disturb motor performance (15). Choking under pressure can also be an example of 
misdirected attention that triggers neural activation of the self that degrades performance (3, 
19). Lastly, the OPTIMAL theory for improving motor performance takes social-cognitive-
affective-motor nature into account, which suggests that motivational and attentional factors – 
with an external focus of attention – contribute to performance and learning by the coupling of 
goals to actions (34). According to the theory, an external focus of attention improves motor 
performance by directing attention to the task goal and by reducing a focus on the self. With 
greater success in achieving the task goal, an external focus of attention also leads to an enhanced 
expectation of future success relative to an internal focus of attention.  
 
Regardless of the theoretical explanation for the advantage for an external focus of attention 
relative to an internal focus of attention, studies over the past 13 years or so have investigated 
the underlying causes of the benefit of an external focus of attention. For example, several 
studies have investigated the underlying causes for better accuracy with an external focus of 
attention by evaluating movement kinematics and/or movement efficiency with 
electromyography (EMG). For example, Kal et al. (12) showed that an external focus of attention 
improved movement fluency and regularity in a cyclic leg flexion-extension task relative to an 
internal focus of attention. In addition, Lohse et al. (14) found evidence for reduced co-
contraction between agonist and antagonist muscle groups with an external focus of attention 
in an isometric force production task. One group was instructed to focus on their calf muscles 
(internal focus) and another group was instructed to focus on the force platform (external focus) 
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while pressing against the platform with 30% of their maximum force. The internal focus 
instructions led to less accurate force production and more co-contraction between muscles, 
implying less efficient coordination between muscles. Marchant et al. (17) demonstrated similar 
results with an isokinetic force production task, but also showed that the control condition had 
the same higher level of EMG activity as the internal focus condition. The reduced co-contraction 
between muscle groups with an external focus of attention has been proposed as reason for 
increased jump height (31, 32), increased long jump distances (20), and faster running and 
swimming performances (8, 10, 26). 
 
Other studies have shown that an external focus of attention reduces EMG activity relative to 
an internal focus of attention. For example, Vance et al. (28) showed reduced EMG activity in 
both the biceps and triceps muscles with an external focus relative to an internal focus in the 
biceps curl. These results were replicated by Zachry et al. (39) with a basketball free-throw task. 
Lohse et al. (13) showed that an external focus on the flight of the dart improved throwing 
accuracy and had reduced EMG activity in the triceps muscle compared to an internal focus on 
the throwing motion. An external focus also reduced the degree of co-contraction between 
agonist and antagonist muscles when compared to an internal focus (13). They also provided a 
kinematic analysis of the dart throw by videotaping the throw. The shoulder and elbow angle 
were determined for the dart release point, however, there was no difference between the 
internal and external focus conditions for either angle. In addition, elbow angular velocity was 
estimated, but again, there was no difference between the focus conditions. The main limitation 
of this study was that the kinematic measures were only taken at two points (i.e., the point of 
maximum elbow flexion and the point of dart release) rather than throughout the action. The 
current study proposes to assess acceleration throughout the dart throwing action to provide a 
more complete picture of movement kinematics in internal and external focus conditions.   
 
Based on the studies reviewed here, we expect acceleration to be higher for an external focus of 
attention and lower when attention is focused internally. We also expect performance to be more 
accurate and more efficient with less EMG activity in the muscles with less co-contraction when 
focused externally. These findings would replicate and support previous findings of improved 
movement effectiveness and efficiency with an external focus of attention relative to an internal 
focus of attention. This study will go beyond previous studies (13) that had limitations from 





Data were collected from 24 healthy subjects (16 female, 8 males, 20.2 ± 3.28 years). Participants 
self-reported their skill in dart throwing with the majority (n=19) only playing 1-3 times per 
year. There were three subjects who reported that they have never played before and two 
subjects who reported they play 1-2 times per month. Two of the subjects were left-handed and 
we did not include them in the statistical analysis to keep handedness a constant. One subject 
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was removed from the statistical analysis of EMG activity and acceleration because of technical 
difficulties in the data collection. Subjects were recruited from introductory statistic classes at 
the University of Colorado at Boulder, and they participated in the experiment to receive extra 
credit in their course. Institutional approval was given for this work. 
 
Equipment and Measurements: A commercially available competition dart-board was set to 
regulation height (1.73 m off the ground) and distance (2.37 m from the throwing line). The darts 
used were regulation steel tip darts (22 g). The center of the board, or “bullseye,” was treated as 
the origin (point 0,0), and the radial error (RE) was calculated for each throw by measuring the 
X and Y coordinates as indicated by Equation 1.1 in Table 1. The mean radial error (MRE) was 
calculated as shown in Equation 1.2, Table 1, representing the average radial distance of all the 
k throws in a block from the target. 
 
Table 1. Equations used to measure X and Y coordinates. 
 Equation 1.1                         Equation 1.2                                            Equation 2.1 




    
 
Precision was calculated as bivariate variable error (BVE), shown in Equation 2.1, Table 1, the 
distance of each throw from the average distance of all k throws within a block (XC and YC) on 
the X and Y axes, respectively. Thus, BVE represents the variation of throws around the centroid 
location (XC,YC) for that block (analogous to the standard deviation in one-dimensional 
precision, 9).
 
                          
A wireless tri-axial accelerometer (Bionomadix, Biopac Systems, Inc., Goleta, CA) was strapped 
to the back of the participant’s wrist such that the X axis referred to the sagittal plane, the Y axis 
referred to the longitudinal plane, and accelerations in the frontal plane the Z axis Accelerations 
toward the target, upward, and rightward resulted in initial positive values while accelerations 
away from the target, downward and leftward resulted in initial negative values.  However, 
because the upper arm was slightly internally rotated during throwing, accelerations toward the 
target were registered along both the X and Z axes. 
 
Three movement phases were identified based on accelerations on the X axis, but measurements 
were only made during the latter two of phases. The first phase was the “backswing” phase that 
was initiated when the acceleration changed from zero to negative, indicating a backward 
movement of the upper arm. This phase ended when zero acceleration was achieved. The second 
phase was called the positive acceleration phase that was initiated when the upper arm moved 
toward the target (see Figure 1, window 1) and ended when zero acceleration was achieved. The 
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was initiated when X acceleration was again negative and ended when zero acceleration was 
achieved following the maximum negative peak in acceleration. 
 
We suspected that greater levels of co-contraction between the agonist and antagonist muscles 
would reduce the peak acceleration primarily in the X and Z axes during the positive 
acceleration phase (window 1, Figure 1). However, for completeness, we also measured the peak 
positive or negative acceleration in the Y axis. During the negative acceleration phase (window 
2, Figure 1) we suspected the sudden deceleration of the accelerometer at the end of the 
movement would result in movement artifacts as shown in the X axis record in Figure 1. So we 
measured the maximum positive value for the Z axis and the maximum negative values for the 
X and Y axes in window 2.  
 
For the EMG recording, the subject’s throwing arm was fitted with pairs of disposable self-
adhesive Ag/AgCl EMG electrodes (Bio Protech U.S.A., Tustin, CA) on the surface of the skin 
over the belly of the biceps (antagonist) and over the belly of the long-head of the triceps 
(agonist). The skin was prepared using alcohol wipes, and the EMG electrodes were applied 
once the skin was allowed to dry. EMG and acceleration data were collected wirelessly at 1,000 
Hz (Bionomadix, Biopac Systems, Goleta, CA) and analyzed using Biopac AcqKnowledge 
software (Biopac Systems, Goleta, CA). The raw EMG signal was rectified and converted to root 
mean squared error (RMSE). We measured the integral (i.e., the area under the curve) of the 
biceps and the triceps separately for windows 1 and 2 as shown in Figure 1. To access the amount 
of co-contraction we divided the biceps integral by the triceps integral. 
 
Protocol 
The participants gave their informed consent for participation and filled out a survey when they 
arrived in the laboratory. There was a brief orientation with the materials as far as showing the 
participants how to hold the dart, how to throw in one plane, and telling them that their feet 
could not cross the throwing line. Next, all of the participants completed 5 sets of 3 throws (total 
of 15) for a baseline warm up with no specific instructions other than to aim for the center of the 
dartboard. A within-subjects design was employed so each subject was engaged in both external 
and internal focus of attention conditions, but the order of which one they did first was 
randomly determined. All subjects were instructed to visually focus on the board, but in the 
internal focus of attention condition they were told to mentally focus on their elbow angle when 
they released the dart. In order to help the participants maintain an internal focus, they were 
asked to rate their elbow angle at release after each throw on a scale from 1 to 6, where a fully 
extended elbow was a 6 and an elbow fully flexed was a 1 (see Figure 2). In the external focus of 
attention condition, participants were instructed to mentally focus on the initial flight of the 
dart. To help them maintain an external focus, participants were asked to rate the angle of dart 
release after each throw with a larger angle of release a 6 and a smaller angle of release a 1 (see 
Figure 2). Both the external and internal conditions required 8 sets of 3 throws totaling 24 throws 
per testing condition. For all of the throwing sets, participants threw one dart at a time and 
accuracy measurements were made after three darts were thrown.  
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Figure 1. Sample integrated EMG for the biceps and triceps muscles and acceleration records for the X, Y, and Z 
axes from one trial. The three phases of the movement are identified on the figure as well. 
 
Statistical Analysis 
MRE, BVE, and the amount of co-contraction were calculated in Excel for each set of 24 throws 
in the internal and external focus conditions, averaged across trials, and analyzed with separate 
one-way ANOVAs with repeated measures on focus of attention (FOA) condition.  The baseline 
trials were not analyzed because they always preceded the focus of attention trials and were not 
true control trials due to possible warm-up effects. The positive and/or negative peaks in 
acceleration identified in the positive and negative acceleration phases were analyzed with 
separate 2 (FOA) x 3 (Axis) ANOVAs with repeated measures on both factors. The integrals of 
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with repeated measures on both factors. Mauchly’s test of sphericity was done before each 
analysis and, if significant, the degrees of freedom were adjusted with the Greenhouse-Geisser 
correction.  
 
In order to determine the relation between peak acceleration and accuracy the errors in the Y-
plane (i.e., the vertical plane) were correlated with the peak acceleration in the X, Y, and Z axes 
during the positive acceleration phase for each FOA condition for each participant. Errors in the 
Y plane were chosen for analysis rather than the X plane because lower peak accelerations 
should result in undershooting of the target and negative scores in the Y plane. The correlations 
were converted to Fisher’s Z scores and entered into 2 (FOA) x 3 (Axis) ANOVA with repeated 
measures on both factors The same process was used to determine the relation between the level 
of muscular co-contraction and the peak acceleration in the X, Y, and Z axes during the positive 
acceleration phase. Finally, the level of co-contraction during the positive acceleration phase was 
also correlated with the Y plane errors. Partial eta-squared (ηp2) was provided as a measure of 
effect size. Descriptive statistics are presented as M ± SEM. All of the statistical analyses were 







Figure 2. Rating scales used to help maintain the instructed internal focus on elbow angle (left) and the external 




Errors: The MRE was lower for the external focus of attention condition (10.27 ± 0.84 cm) as 
compared to the internal focus of attention condition (11.01 ± 0.93 cm). The effect of FOA 
condition was significant, F(1,21) = 4.32, p  = .050, ηp2 = .171. There was little difference (p = .93) 
in the BVE scores between the focus conditions (external = 8.21 ± 0.55 cm, internal = 8.18 ± 0.48 
cm). 
 
Positive Acceleration Phase: The mean peaks in acceleration in the X, Y, and Z axes are shown 
in Figure 3. The peak acceleration in the X axis tended to be lower for the external focus of 
Elbow Angle Judgement 
Elbow Angle  Flexed 
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attention (2.83 ± .12 G) than the internal focus of attention (2.88 ± .12 G), but slightly higher in 
the Y axis (external = 0.98 ± .10 G, internal = .97 G ± .08 G) and the Z axis (external = -2.85 ± 0.16 
G, internal = (-2.77 ± 0.17 G) but the FOA x Axis interaction was not significant, F(2,40) = 2.25, p 
= .12, ηp2 = .10. The main effect of FOA was not significant (p = .46). The effect of axis was 
significant, F(2, 40) = 71.29, p < .001,  ηp2 = .78. The peak accelerations in the X and Z axes were 
both greater than in the Y axis (ps < .001).  
 
Figure 3. The mean peaks in acceleration in the X, Y, and Z axes during the positive acceleration phase in the 
external and internal focus conditions. Error bars are SEMs. 
 
Negative Acceleration Phase: The mean peaks in acceleration in the X, Y, and Z axes are shown 
in Figure 4. The peak acceleration in external focus of attention condition was greater than the 
internal focus of attention for the X axis (external = -4.29 ± .41 G, internal = -4.20 ± .35 G), the Y 
axis (external = -9.01 ± .78 G, internal = -8.24 ± .75 G) and the Z axis (external = 3.56 ± 0.34 G, 
internal = (3.22 ± 0.27 G). The FOA x Axis interaction was significant, F(2,40) = 7.24, p < .01, ηp2 
= .27. LSD post-hoc tests revealed significant differences between the focus conditions for the Y 
(p < .01) and Z (p < .01) axes only. The main effect of FOA was also significant, F(1,40) = 4.82, p 
< .05, ηp2 = .19. The effect of axis was significant, F(2, 40) = 62.59, p < .001,  ηp2 = .76. The peak 
accelerations in the X, Y and Z axes were all significantly different (ps < .05). 
 
EMG Activity during the Positive Acceleration Phase: The EMG integrals of the biceps and 
triceps for the two FOA conditions are shown in Figure 5. EMG activity was greater in the 
agonist triceps compared to the antagonist biceps, with the effect of muscle significant, F(1,20) 
= 35.49, p  < .001, ηp2 = .640. There was a tendency for the biceps to have less activity in the 
external focus condition (.006 ± 0.001 v-s) compared with the internal focus condition (.007 ± 
0.001 v-s), but the muscle x FOA condition interaction was not significant, F(1,20) = 2.50, p = 
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significantly less co-contraction in the external focus condition (.439 ± .044) than the internal 
condition (.464 ± .046), F(1,20) = 6.080, p  = .023, ηp2 = .233. 
 
Figure 4. The mean in acceleration in the X, Y, and Z axes during the negative acceleration phase in the external 
and internal focus conditions. Error bars are SEMs. 
EMG Activity during the Negative Acceleration Phase: During deceleration in the X plane, 
muscle activity was equal in the biceps (.01 ± .001 v-s) and triceps (.01 ± .001 v-s). There was no 
significant effect of FOA condition (p = .36), muscle (p = .64), or any interaction between FOA 
condition and muscle (p = .81). There tended to be less co-contraction in the external focus 
condition (1.38 ± .15) than the internal condition (1.43 ± .17), but the effect of FOA condition was 
not significant, p = .53. See Figure 6.  
 
Correlations between Accuracy and Peak Acceleration: The average within-subject correlations 
between the Y-errors in throwing and peak acceleration in the X, Y, and Z axes for both focus 
conditions are shown in Figure 7 (note since greater accelerations in the Z axis were larger 
negative values, we used the absolute values of these scores when computing the correlations). 
The main effect of FOA (p = .37) and the FOA x Axis interaction (p = .68) were not significant. 
 
The effect of axis was significant, F(1,40) = 28.33, p < .001, ηp2 = .59. LSD post-hoc tests revealed 
that the correlation in the Z axis was greater than that of the X axis, and both the Z and X 
correlations were greater than the Y axis correlation. However, even though the average 
correlations between accuracy and peak acceleration were low, individual participants tended 
to show higher correlations between accuracy and peak acceleration for either the X or Z axis, 
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Figure 5. Average integrated EMG activity for the biceps and triceps muscles while X was positive in the external and internal 




Figure 6. Average integrated EMG activity for the biceps and triceps muscles while X was negative in the external 
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Figure 7. The average within-subject correlations between the Y-errors in throwing and peak acceleration in the X, 
Y, and Z axes for both focus conditions. Error bars are SEM. 
Correlations between Accuracy, Peak Acceleration, and the Level of Muscular Co-Contraction: 
The average within-subject correlations between peak acceleration in the X, Y, and Z axes and 
the level of co-contraction was .02, .15, and .08, respectively for the external focus and -.02, .09 
and .03, respectively for the internal focus condition. No effects were significant. However there 
were large individual differences in the correlations as shown in Table 2. The correlation 
between the level of co-contraction and Y-errors was .02 and -.05 for the external and internal 
focus of attention conditions, respectively, and they were not significantly different. The range 
in the correlations for the external focus condition was greater (-.53 to .36) compared to the 
internal focus condition (-.44 to .42). 
DISCUSSION 
 
The primary goal of the study was to determine how changes in the focus of attention influences 
the acceleration pattern in dart throwing. During the first half of the movement when the upper 
arm accelerated toward the target, the agonist triceps EMG activity was greater than the 
antagonist biceps, as expected, but there was no difference in peak acceleration between the 
focus conditions. However, there was less co-contraction in the external focus condition relative 
to the internal focus condition. During the second half of the movement during deceleration, the 
EMG activity in both muscles was equal showing greater levels of co-contraction compared to 
the first half of the movement. There was greater peak acceleration in the Y and Z axes in the 
external focus condition compared to the internal focus condition.  As expected, accuracy was 
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Figure 8. The within-subject correlations between the Y-errors in throwing and peak acceleration in the X, and Z 
axes for each participant averaged over both focus conditions, ordered by the magnitude of the X axis correlation. 
 
 
Table 2. The means and ranges in the correlations between peak acceleration and the level of muscular co-
contraction for the internal and external focus conditions 
 Axis X Axis Y Axis Z 
External    
Mean  .02  .15  .08 
Min -.36  -.50 -.43 






















The better throwing accuracy with an external focus of attention relative to internal focus, is 
consistent with other research that has shown improvement in performance (1, 12, 13, 14, 16, 
23). The accuracy findings here are consistent with the constrained action hypothesis, the self-
evoking trigger hypothesis and the OPTIMAL theory, with respect to motor performance, but 
the accuracy data alone cannot distinguish between the three explanations. It could be that an 
internal focus of attention causes the engagement of conscious control whereas an external focus 
of attention involves a more automatic, unconscious control process as predicted by the 
constrained action hypothesis (36). Or, it could be that internal focus instructions activate self-
evaluative and/or self-regulatory processes leading to poorer performance as expected by the 
self-evoking trigger hypothesis. Regardless of the explanation, an internal focus of attention 
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It should be noted that care was taken to control the temporal aspects of the focus instructions 
to coincide with the release of the dart. Participants made judgments about the angle of dart 
release in the external focus of attention condition and the elbow angle at dart release in the 
internal focus condition. We believe our methods provided a better temporal control of attention 
compared to studies where the participant was asked to focus on the “motion of the arm,” for 
example, in an internal focus condition (13). Achieving temporal control of attention has been a 
criticism of focus of attention work in the past (3), so we believe our methods provided an 
important control in this regard. 
 
Focus of Attention and Motor Control: What is clear from this and previous work is that 
changing the focus of attention has a significant effect on motor control. For example, muscle 
activity appears to be more efficient with an external focus of attention relative to an internal 
focus of attention. That is, less EMG activation is necessary to carry out tasks relative to an 
internal focus of attention. In the current study there was a tendency for less EMG activity in the 
antagonist muscles under external focus conditions compared to internal focus conditions. 
Although the differences between the focus conditions were not statistically significant, the 
pattern of results was the same as those shown by Lohse et al. (13) and Zachry et al. (39). Taken 
as a whole, we believe that the reduced muscular activity and the better accuracy with an 
external focus of attention is an indication of better neuromuscular efficiency. In addition, an 
external focus of attention seems to also improve intermuscular coordination relative to an 
internal focus of attention. We showed there was less co-contraction between the muscle groups 
during the first half of the movement when attention was focused externally, and the same trend 
was shown during deceleration although the effect of focus condition was not quite significant.  
The reduced co-contraction in the external focus condition is consistent with previous findings 
as in Lohse et al.’s study (13) and suggests that movement efficiency increases with an external 
focus of attention. Moreover, the increased co-contraction with an internal focus of attention 
suggests an increase in muscle stiffness and decreased movement efficiency relative to an 
external focus of attention. 
 
Although the accuracy and EMG findings support the published literature, the new findings of 
the current study show that the acceleration pattern of the dart throw is affected by the focus of 
attention. Past work by Lohse et al. (13) had shown no difference in angular velocity, or static 
elbow and shoulder angle at dart release between internal and external focus conditions. 
However, by measuring acceleration at a higher resolution during the full motion of the dart 
throw we were able to show differences between the internal and external focus conditions. 
Although there were no significant differences found during acceleration while X was positive, 
there was greater acceleration in the Y and Z axes during deceleration when focused externally 
rather than internally. The findings of increased acceleration with an external focus support 
those studies showing that movement speed increases with an external focus relative to an 
internal focus (10, 26). Although the average correlations between throwing errors and peak 
acceleration were fairly low, the results here support the expected relation between peak 
acceleration and accuracy. Most participants showed positive correlations between acceleration 
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in the X and Y axes and errors. Higher peak correlations were associated with positive errors 
and lower peak correlations were associated with greater undershooting of the target. 
 
Taken together, our kinematic and EMG data suggest there is less co-contraction and therefore 
greater acceleration on average with an external focus of attention compared to an internal focus 
of attention. The mean findings support the idea that movement is more automatic, fast, and 
reflexive with an external focus of attention, which is consistent with the constrained action 
hypothesis. Reduced acceleration and increased co-contraction with an internal focus of 
attention might reduce accuracy by increasing muscle stiffness and disrupting intermuscular 
coordination. Although we showed that an internal focus of attention increases the level of 
muscular co-contraction relative to an external focus of attention, the correlational analysis did 
not support the expected links between the level of co-contraction, peak acceleration, and 
accuracy. We expected higher levels of co-contraction to be associated with lower peak 
accelerations and greater undershooting of the target. On average, the correlations between the 
level of co-contraction, peak acceleration and accuracy were quite low and close to zero in most 
cases. The lack of a relation between the level of co-contraction, accuracy, and acceleration could 
be due to several reasons. We recorded EMG from only two muscle groups (i.e., biceps and 
triceps) but other muscles (i.e., brachialis, brachioradialis) could have contributed to the level of 
co-contraction. We were unable to assess the actual timing and angle of the dart release that 
likely affected accuracy in addition to the accelerations we measured. Also, each participant may 
have had a different throwing style or a different neuromuscular control strategy that involved 
different levels of co-contraction. For example, those participants showing a positive correlation 
between the level of co-contraction and accuracy could have used a higher level of co-
contraction to stabilize the elbow joint to increase stability and maintain accuracy (24, 25). For 
those subjects showing a negative correlation between the level of co-contraction and accuracy, 
increased levels of co-contraction did not result in increased joint stability and increased 
accuracy. This finding supports research suggesting that co-contraction and accuracy are not 
always directly related (6). Perhaps a future study could use high-speed video techniques along 
with acceleration and EMG measures to provide a complete kinematic profile of dart throwing 
under different attentional focus conditions. 
 
In summary, this study succeeded in replicating previous work on the focus of attention and 
accuracy in dart throwing, but extended the literature by showing how the acceleration pattern 
was influenced by the focus of attention. Research on the focus of attention continues to show 
that differences in the wording of instructions can have strong effects on movement accuracy 




1. Al-Abood S, Bennett S,  Hernandez F, Ashford D, Davids K. Effects of verbal instructions and image size on visual 
search strategies in basketball free throw shooting. J Sport Sci, 20: 271-278, 2002 DOI: 10.1080/026404102317284817 
2. Bell J, Hardy J. Effects of attentional focus on skilled performance in golf. J Appl Sport Psychol, 21:163-177, 2009 DOI: 
10.1080/10413200902795323  
Int J Exerc Sci 11(1): 1120-1135, 2018 
International Journal of Exercise Science                                                          http://www.intjexersci.com 
1134
11 
3. Beilock SL, Carr TH. On the fragility of skilled performance: What governs choking under pressure. J Exp Psychol 
Gen, 130; 701–725, 2001 DOI: 10.1037/e501882009-391 
4. Chiviacowsky S, Wulf G, Avila L. An external focus of attention enhances motor learning in  children with 
intellectual disabilities. J Intell Disabil Res, 57 (7): 627-634, 2012 DOI: 10.1111/j.1365-2788.2012. 01569.x 
5. Chiviacowsky S, Wulf G, Wally R. An external focus of attention enhances balance learning in older adults. Gait 
Posture, 32: 572-575, 2010 DOI: 10.1016/j.gaitpost.2010.08.004 
6. Danion F, Gallèa C. The relation between force magnitude, force steadiness, and muscle co-contraction in the thumb 
during precision grip. Neuro Lett, 368: 176-180, 2004 DOI: 10.1016/j.neulet.2004.07.006 
7. Fasli SE, Trombly CA, Tickle-Degnen L, Verfaellie MH. Effect of instructions on functional reach in persons with and 
without cerebrovascular accident. Am J Occup Ther, 56: 380-390, 2002. DOI: 10.5014/ajot.56.4.380 
 
8. Freudenheim A, Wulf, G, Madureira F, Corrêa U, Corrêa S. An external focus of attention results in greater swimming 
speed. Int J Sport Sci Coa, 5: 533-542, 2010 DOI: 10.1260/1747-9541.5.4.533  
9. Hancock G, Butler M, Fischman M. On the problem of two-dimensional error scores: Measures and analyses of 
accuracy, bias and consistency. J Mot Behav, 27(3): 241- 250, 1995 DOI: 10.1080/00222895.1995.9941714  
10. Ille A, Selin I, Do M-C, Thon B. Attentional focus effects on sprint start performance as a function of skill level. J Sport 
Sci, 31: 1705-1712, 2013 DOI: 10.1080/02640414.2013.797097 
11. Jackson BH, Holmes AM. The effects of focus of attention and task objective consistency on learning a balance task. 
Res Q Exerc Sport, 82: 574-579, 2011 DOI: 10.1080/02701367.2011.10599791 
 
12. Kal EC, van der Kamp J, Houdijk H. External attentional focus enhances movement automatization: A 
comprehensive test of the constrained action hypothesis. Hum Move Sci 32: 527-539. DOI: 
10.1016/j.humov.2013.04.001 
 
13. Lohse KR, Sherwood DE, Healy AF. How changing the focus of attention affects performance, kinematics, and 
electromyography in dart throwing. Hum Move Sci, 29: 542-555, 2010 DOI: 10.1016/j.humov.2010.05.001 
14. Lohse KR, Sherwood DE, & Healy AF. Neuromuscular effects of shifting the focus of attention in a simple force 
production task. J Mot Behav, 43: 173-184, 2011 DOI: 10.1080/00222895.2011.555436 
 
15. McKay B, Wulf G, Lewthwaite R, Nordin A. The self: Your own worst enemy? A test of the self-invoking trigger 
hypothesis. Q J Exp Psychol, 68: 1910-1919, 2015 DOI: 10.1080/17470218.2014.997765 
16. Marchant DC, Clough PJ, Crawshaw M. The effects of attentional focusing strategies on novice dart throwing 
performance and their task experiences. Int J Sport Exerc Psychol, 5, 291-303, 2007 DOI: 
10.1080/1612197x.2007.9671837 
17. Marchant DC, Greig M, Scott C. Attentional focusing instructions influence force production and muscular activity 
during isokinetic elbow flexions. J Strength Cond Res, 23: 2358-2366, 2009 DOI: 10.1519/jsc.0b013e3181b8d1e5 
18. McNevin NH, Shea CH, Wulf G. Increasing the distance of an external focus of attention enhances learning. Psychol 
Res, 67: 2-29, 2003 
19. Will PM, Walter JD. Exercise testing: improving performance with a ramped Bruce protocol. Am Heart J 138: 1033-
1037, 1999 
20. Ong NT, Bowcock A, Hodges NJ. Manipulations to the timing and type of instructions to examine motor skill 
performance under pressure. Front Psychol,  1(Article 196): 2010 DOI: 10.3389/fpsyg.2010.00196 
Int J Exerc Sci 11(1): 1120-1135, 2018 
International Journal of Exercise Science                                                          http://www.intjexersci.com 
1135
11 
21. Porter J, Ostrowski E, Nolan R, Wu W. Standing long-jump performance is enhanced  when using an external 
focus of attention. J Strength Cond Res, 24:1746-1750, 2010 DOI: 10.1519/jsc.0b013e3181df7fbf 
22. Rotem-Lehrer N, Laufer Y. Effects of focus of attention on transfer of a postural control task following an ankle sprain. 
J Ortho Sports Phys Ther, 37: 64-568, 2007 DOI: 10.2519/jospt.2007.2519 
 
23. Porter JM, Wulf G, Ghotbi-Varzaneh A, Bakhtiari S. Adopting an external focus facilitates motor learning in children 
with attention deficit and hyperactivity disorder. Kinesiology, 45: 179-185, 2012 
 
24. Sherwood DE, Lohse KR, Healy AF. Direction and relevance of the focus of attention in dart throwing with and 
without concurrent visual feedback. J Mot Learn Devel, 4: 248-261, 2016 DOI: 10.1123/jmld.2015-0046 
 
25. Slifkin AB, Newell KM. Variability and noise in continuous force production. J Mot Behav, 32: 141-150, 2000 DOI: 
10/1080/00222890009601366 
 
26. Smith AM. The coactivation of antagonist muscles. Can J Physiol Pharm, 59: 733-747, 1981 DOI: 10.1139/y81-110 
 
27. Stoate I, Wulf G. Does the attentional focus adopted by swimmers affect their performance? Int J Sport Sci Coa, 6: 99-
108, 2011 DOI: 10.1260/1747-9541.6.1.99 
28. Totsika V, Wulf G. The influence of external and internal foci of attention on transfer to novel situations and skills. 
Res Q Exerc Sport, 74: 220-225, 2003 DOI: 10.1080/02701367.2003.10609084 
 
29. Vance J, Wulf G, Tollner T, McNevin NH, Mercer J. EMG activity as a function of the performers’ focus of attention. 
J Mot Behav, 36: 450-459, 2004 DOI: 10.3200/jmbr.36.4.450-459 
 
30. Winkelman NC, Clark KP, Ryan LJ. Experience level influences the effect of attentional focus on sprint performance. 
Hum Move Sci, 52: 84-95, 2017 DOI: 10.1016/j.humov.2017.01.012 
 
31. Wulf G. Attentional focus and motor learning: A review of 15 years. Int Rev Sport Exerc P, 6: 77-104, 2013 DOI: 
10.1080/1750984x.2012.723728 
 
32. Wulf G, Dufek J. Increased jump height with an external focus due to enhanced lower extremity joint kinetics. J Mot 
Behav, 41: 401-409, 2009 DOI: 10.1080/00222890903228421 
 
33. Wulf G, Dufek J, Lozano L, Pettigrew C. Increased jump height and reduced EMG activity with an external focus of 
attention. Hum Move Sci, 29: 440-448, 2010 DOI: 10.1016/j.humov.2009.11.008 
 
34. Wulf G, Lewthwaite R. Effortless motor learning? An external focus of attention enhances movement effectiveness 
and efficiency. In B. Bruya (Ed.), Effortless attention: A new perspective in the cognitive science of attention and 
action (pp. 75-101), 2010 Cambridge, MA: MIT Press, 2010.  DOI: 10.7551/mitpress/9780262013840.003.0004 
 
35. Wulf G, Lewthwaite R. Optimizing performance through intrinsic motivation and attention for learning: The 
OPTIMAL theory of motor learning. Psychon B Rev, 23: 1382-1414, 2016 DOI: 10.3758/s13423-015-0999-9 
 
36. Wulf G, McConnel N, Gartner M, Schwarz A. Enhancing the learning of sport skills through external-focus feedback. 
J Mot Behav, 34: 171-182, 2002 DOI: 10.1080/00222890209601939 
 
37. Wulf G, McNevin NH, Shea CH. The automaticity of complex motor skill learning as a function of attentional focus. 
Q J Exp Psychol, 54A: 1143-1154, 2001 DOI: 10.1080/02724980143000118 
